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§§ (54) Title: METHOD AND SYSTEM FOR ENHANCED ACCESS TO A SUBTERRANEAN ZONE 

=5= (57) Abstract: A system for enhanced 

access to subterranean zone from the 
surface includes a well bore pattern 
(100) having a first well bore (104) 
extending from a surface well bore 
substantially denning a first end of 
the area in the subterranean zone to a 
distant end of the area: The pattern also 
includes a plurality of lateral well bores 
(110) extending outwardly from the first 
well bore. The distance from an end of a 
lateral well bore to the surface well bore 
may be configured to be substantially 
equal for each of the lateral well bores 
to facilitate forming the lateral well 
bores. The system and method may 
also include nesting two or more well 
bore patterns within the subterranean 
zone to provide uniform coverage of 
the zone. Additionally, the system 
and method may include multiple well 
bore patterns in communication within 
common surface well bore to reduce the 
surface area required for accessing the 
subterranean zone. 
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- METHOD AND SYSTEM FOR ENHANCED ACCESS 

TO A SUBTERRANEAN ZONE 

r ^prrtfKncALFTPT t> df-the INVENTION . , ; ^ ; • 

The present invention relates generally to tne field of subterranean exploration and 
drilling and, more particularly, to a method and system for enhanced access to a 
subterranean zone. . . .. . . . /../-.••y. 

• 5 j. r , ■ , •-. . - - v - * -y ■ v~, ;\r . 

Vn ^ Subterranean deposits of coal; Aether o^^^ as anthracite or "soft'; 

^ c^suchas^ 
>•■•' gas: t^tMprodu^ 

lF years ^antial obstacles, However, have frustrated more extensive development and 
: use of Wethane gas deposits in coal seams. The foremost problem in producing methane 
gas from coal seams is that while coal seams may extend over large areas,,up to several 
~* i^^ ^ mmi seams ato fairly shallow in deplhy varying, from a few mches to 
several meters. Thus, whifothe coal seams are often relatively near me surface, vertical 
15 %ells drilled into the coaideposits^r Obtaining methane gas can only drain a fairly small 
•V ^iadius around the c6al deposits. Furmer^oal deposits. arernofc:amendable to .pressure 
- ana'otfier mm^^^^^^^^ production from rock 
^ Nations. A^W ^once the gas ^di^'i^w^^^* a coal 
seam is produced, further production feMted m volume, n Additionally, coal seams are 
2 0 • often associated with kubter^ean^ water, which must be; drained . from the coal seam m 
order to produce the methane 

• - seam exposed to a^ 
- ' However require the use'of a rad^ 

= 25 foe entrained water *om the coal seam. The most efficient method for pumping water 
from a subterranean well, a sucker rod pump, does not work well in horizontal or radmsed 
bores. 
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Additionaiyi prior systems generally require a fairly large and level surface area 
from which to work. As a result, prior methods cannot be used in Appalachia and other 
very hilly terrain where the largest flat land area may be a wide roadway. Thus, less 
effective methods must be used, leading to prbductipn delays that, add to the expense 

5 ^ ->^*'^V 

SUMMARY OF THE INVENTION -^a'^^S^a- 

The present invention provides a method and system for accessing subterranean 
zones from a limited surface area that substm^ the 
10 ? disadvain^^s aM pitrt)lems as^ ^ particular, 

- ah ^ciliated well ^ a well bpre pattern^in a jrobts^^ to cavity 

•'• Welfe in G^mmtoicati with the well bore pattern in seam. The,w^ bore patterns 
^viiie access to ^ toge subterranean area while the cavity wells allo^ ^otrain^d water* 
^ hydrocarbon^; -and other deposits wilepted by the ; well bore pattern, to - be efficiently 
15 removed and/or ptdduced^^; ,y : ■ 

■ : "" ^ Jn accordance with one embodnnent of th£ present invention, a subterranean well 
T • bore pattern for accessing a 
; : ^ well bore ^tending from a surface well bore s^t^ially; defining, a jprst ^ tflhe area 

^ m the siMerrarieali zone to a dist^ 
20 of loitera* Well bores ext^ing 6u^ bores 
are coMgured such that a distance from an end of a lateral xyell bore to th^ surface well 
bore is substantially equal for each of the lateral well bores. 

In accordance with another embodiment of the present invention, a method for 
accessing a subterranean zone from the surface includes fprmmg a first well b^re pattern 
'25 v in the forth of a first substantiaUy quadrilateral ar^^ well bore pattern extends 

from a surface wett second well bpre pattern in 

■ the form of i second substtofially quadrilateral area. The second well bpjp pattern also 
extends from the surface well bore. The first and second well bore patterns are arranged 
such that a first side of the first quadrilateral area is disposed substantially in common with 
30 a first side of the second quadrilateral area. 
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In accordance with Another embodiment of the present invention, a system for 
. acceSs in g a subterranean zonfc from the surface includes a surface well bore extending 
% from the surface to the subterranean 2x>ne. The system also includes a plurality of weU 
* ' : bore patterns disposed within die subterranean zone, each extending in a different direction 
5 from the surface well bore, The plurality of well bore patterns are symmetrically disposed 

about the surface well b'6re. ' - -v; -->;>'•'•/■-/,-•'.• ■• . 

••: M accordance with yet another embodiment of Ore present invention, a method for 
- accessing a subterranean zone from the surface mcludes forming a first well bore pattern . 

> extending Wa first surface well bore and disposed within the subterranean zone. The 
10 methodalso includes formmg a second weUbore pattern extendm^ 

%ell bore- and disposed within the= subterranean zone. The: firsthand second well bore 

> - > patterns are artanged4o nest adjacent each omerwith^ 

Technical advantages of the present invention include providing an improved 
method arid system for ^^ingvsttbterranean zemes ,from.a.Jimited area, on the surface. 
15 In one embodiment, a plurality of well bore paUerns.are drilled in a . target zone from a, 
common articulated surface well in close proximity to a corresponding number of cavity 
wells. -The well bore patterns are interconnected to. the cavity wells ; through which . 
entrained water, hydrocarbons, and other fluids drained from the. target zone : can be 
efficiently removed and/or produced. As a result, gas, oil, and other fluids from a large, 
20 low pressure or low porosity formation can be : efficienfly produced at a fimited ar^a on the, 
r surface. Thus, gas may be recovered from formations underlying rough topology. In 
•v.. addition, environmental impact, is minimized as the area to be cleared and used is 

minimized; - v -■ •' ■ i r. : :.v 

1W ■ Yet another technical advantage of the present invention includes providing an 

25 improved method and system for preparing a coal semn or other subterranean deposit for 
'■m mining and for collecting gas from the seam after mining operations. In particular, cavity 
- wells and an articulated well are used to degasify a coal seam prior to mining operations. 
This reduces both needed surface area and underground equipment and activities. This 
also reduces the time needed to degasify the seam, which minimizes shutdowns due to 
30 high gas content. In addition, water and additives may be pumped into the degasified coal 
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seam through the combined well prior td mining operations to minimize dust and other 
hazardous conditions, improve efficiency of the mimng process^ and improve the : quality 
of the coil product. After mining, the combined Well is Used ^ to ^ltect j;ob gas. As a 
result^ costs Associated mth the collectioh of gob gag are mtniirrizfedL to .facilitate or make 
5 feasible the t^bcti ^ , , u ^ 

Another technical advantage of the present invention includes a $y^ero .and method 
for enhanced access to subterranean zoriesfrdm a limited; surface lare&by jesting well bore 
patterns withm the subtertaneani zbne^ For ex^ple^ in one embodiment qf the ^present 
ihvehtidh, eaicit well bore pattern: may.be fonhbd to access, ; a generally < quadrilateral 

10 configured arda of the zone. Two or moire of the well bore patterns^ may then be nested 
together to provide uniform and optimum coverage of the zonev Additionally, each nested 
well bore pattern may We «fo dr inore well bore siil^patteins. ; jThe well bore 

sub-patterns generaU^ Comprise two or more discreet well bore patterns in c^ 
with a cdinmbn surface well bore. Thus, a variety of different shaped well "bpre patterns 

15 may be formed = and riested together to obtain uniform and optimum coverage, of a 
particular subteri-anean zone. " ( -; : r-,., ";,-;; .j;v 1 ; v - * 

Otheir techttical Mvantag^ of the present in readily apparent to one 

skilled in the jaot fi-om thb following figures, description^^ : f **; ; ; 

20 BIOBF I^ESCRiPTIQN OF THBDRAWINGS . .-V^W ^ 

For a more complete rmderstanding of the present invention and its advantages, 
reference is how made to the following description taken in conjunction with the 
accompanying drawings, wherein like numerals represent like parts, in whiph:- r 

FIGURE 1 is a diagram illustrating a cro^^sectidn^ view of a system for enhanced 
25 access to a subterranean zone in accordance with an embodiment of the pre^ 

FIGURE 2 is a diagram illustrating a cross-sectional view o£ a. system for 
enhanced access to a subterranean' zone in accordance with another embodiment of the 
present invention; v 1 . . ■ ;; 
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FIGURE 3 is a diagram illustrating a cross-sectional view of a system for 
. enhanced access to a subterranean zone in accordance with another embodiment of the 

• present invention; 1 

, FIGURE 4 is a diagram illustrating a plan view of a well bore pattern for accessing 

5 :. a subterranean; ^neinacco^ an embodiment of the^ent invention; 
% ■-,< FIGURES is a diagram illustrating a tri-pinnate well bore pattern for, accessing a 
-', ;subt erranean zone in aecordancewith an embodiment of the^^t mvention; .... 

FIGURE 6 is a magram; illustrating an~ahgnment pattern of ^ well 
bore pattern illustrated in FIGURE 5 in accordance with an embodiment of the present 

10 invention; . : ; i:; \W ■ '•; J/: Ap/'f •- . 

■J l^,,:, FIGURE 7A is a diagram iUustrating a cross-sectional view of a system for 
J 'y enhanced access to a subterranean zone in accordance wifo anomer embodiment of the 

■ present invention;.. : y^i -■»'& ■ ■ 

FIGURE 7B is a diagram illustrating a plan view of the system for enhanced 
15 , access to a subterranean zone illustrated in FIGURE. 7A in accordance, with an 
- embodiment of the present invention; ; ; s ■<■<•; 

v,,r::,Lv, - FIGURE 8 is a diagram iUustrating a plan view of awell bore pattern for accessing 
a subterranean zone in accordance with another embodiment of the present inVention; 

FIGURE 9 is a diagram illustrating a pian view of a well bore pattern for accessing 
20 a subterranean zone in accordance, with another embodiment of the present invention; and 
FIGURE 10 is a flow diagram illustrating a- method for enhanced access to a. 
> • subterranean zone in accordance with an embodiment of the present invention. 

i ^ twt Air Kn nRSCRIPTTQN OF THE INVENTION V 

25 ; FIGURE 1 is a diagram Utustrating a system 10 for enhanced access to a 

ate subterranean zone from a limited surface area in accordance with an embodiment of the 
present invention. In this embodiment, the subterranean, zone is a coal seam. It will be 
understood that other types of zones and/or other types of low pressure, ultra-low pressure, 
and low porosity subterranean resources can be similarly accessed using the present 
30 invention to remove and/or produce water, hydrocarbons and other fluids from the 
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resource, to treat riiinerals in the resource prior to / milling operations, or to inject or 
introduce a gas, fluid or other substance into the subterranean zone. > ^ 

System 10 includes a well bore 12 extending from the surface 14 tp a target coal 
seam 15. The weU bore 12 intersects, penetrates and contiiiues below the coal seam 15. 
5 The well bore 12 is lined with a suitable well casing 16 that tenninates at or above the 
level of the coal seam 15 . In FIGURE 1, Well bore 12 is illustrated substantially vertical; 
however, it should be tulde^tood that Well bore 12 may be formed at other suitable angled 
to 1 accommodate stirface 14 chaxicteristics and/or the geometric characteristics of the coal 
seam 15. j: ;: >:::"-.j ■ v**: = : -v 

10 The well bore 12 is logged either during or after drilling in order to locate the exact 

vertical depth of the coal seam lS/' ? ^--a-^sidtitlBle 'coal se.^ 15 isrtiot missed in 
subsequent (hilling operations and techniqiies^ used to locate the coal seam ; 15 while 
drilling need not be employed. An enlarged cavity 20 is formed in the well bore 12 
proximate the coal seam 15. As described in more detail below, the enlarged cavity 20 
15 provides a junction for intersection of the well bore 12 by an articulated well bore used to 
form a subterranean well bore pattern in the coal seam 15. The enlarged; cavity 20 also 
provides a collection point for fluids drained from the coal seam 1 5 during production 
operations. ' ' vUV ■ - ;.«.';-/ i/y^y^l 

in oiie embodiment, the enlarged cavity 20 has a radius :of approximately eight feet 
20 and a vertical dimehsiori which equals or exceeds the vertical dimension of the coal seam 
15. The enlarged cavity 20 is formed using suitable imder-reari^g techniques and 
equipment. A portion of the well bore 1 2 continues below the enlarged cavity 20 to form 
a sump 22 for the cavity 20. 

An articulated well bore 30 exteddsi from the surface 14 to the enlarged cavity 20 
25 of the well bore 12. The articulated well bore 30 includes a portion 32, a portion 34, and a 
curved or radiused portion 36 interconnecting the portions 32 and 34. In FIGURE 1, the 
portion 32 is illustrated substantially vertical; however it should be understood that portion 
32 may be formed at any suitable angle relative to the surface 14 to accommodate surface 
14 geometric characteristics and attitudes and/or the geometric configuration or attitude of 
30 the coal seam 15. The portion 34 lies substantially in the plane of the coal seam 15 and 
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injects the enlarged cavity 20 of the well bore 12. In FIGURE 1, the plane of the coal 
seam 15 is illustrated substantially horizontal, thereby; resulting in a substantially 
horizontal portion 34; however, it should be understood that portion 34 may be formed at 
• V any suitable angle relative to the surface 14 to accommodate the geometric characteristics 
5 of the cdal seam 15. ■.. . ...j, ..... ; 

In the embodiment illustrated in FIGURE 1, the articulated well bore 3p is.offset a 
r . sufficient distance from the weU bore 12 at the surface ? 14 to permit the large radius curved 
V. ' section 36 and any desired portion 34 to be drilledbefore intersecting, the enlarged cavity 
r: '.r 1 20. To provide the curved portion 36 with a radius of 100-150 feet, the articulated well 
10 ' oore 30 is offset a distance of about 300 feet from me well bpre <K 12, This spacing. 

- nmmnizes me angle of the curved portion 36; to reduce friction in the articulated, well bore 

- 30 during drilling operations; As a result; reach of me aruculated drill strmg. drilled 
5 through the articulated well bore 30 is maximized,. As discussed below, another 

embodiment of the present invention includes, locating the articulated well bore 30 
15 significantly closer to the well bore 12 at the surface 14. ' I 

The articulated weU bore 30 is drilled using an articulated drill, string 40 that 
- includes a suitable down-hole motor and bit 42. A measurement while drilling (MWD) 
device 44 is included in the articulated drill string 40 for controlling the orientation and 
directionof me well bore drilled by the motor and bit 42, The portion 32 of the articulated 

20 well bore 30 is lined with a suitable casing 38. r : 

After the enlarged cavity 20 has been successfoUy. intersected by the articulated 
/ well bore 30, drilling is continued through the caviar 20 using the articulated drill string 40 
and appropriate Grilling apparatus to provide a subterranean well bore pattern 50 in the 
% coal seam 15. In FIGURE 1, the well bore pattern 50 is illustrated substantially horizontal 
25 corresponding to a substantially horizontally illustrated coal seam 15; however, it should 
V beunderStoodthatwellborepattem50 may be formed at any suitable angle corresponding 
- to the geometric characteristics of the coal seam 15. ITie well bore pattern 50 and other 
such well bores include sloped, undulating, or other inclinations of the coal seam 15 or 
other subterranean resource. During this operation, gamma ray logging tools and 
30 conventional measurement while drilling devices may be employed to control and direct 
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tHfe orieritatidn: of the drill bit 42 to retaifii the well bore pattern 50 within llie confines of 
the coil seam 15 arid to provide substantially iimfonn qoyerage of a desired area within 
the coal seam 15; :v-r.-.- 
" * Dining tM probess of drilling the well bore pattern 50* ^llmg fluid or "mud" is 
5 pumped down the articulated drill string 40 and circulated out of the (hill stog 40 in the 
Vicinity of the bit 42, where it is iji^silo^s^ to remove 

fox&itib cuttings; The cuttings are the^ 

through llie aniillius between the drill striiig 40 and; thp^walls of >yell bpre30,until it 
J reabiies 'the snrfe 14, where the cuttings are retiw^edk^m the; dbciUing ^Tiid arid the fluid 
t& - ^{fe th&r reekculatddL This conventiorial drilling operation produce standard column of 
• •' (ffillmg fluid Haviri a vertical height espial to the depth of t^ a 
hydtostatio^rbSs^^ weU bore 30 correspond well bore 30 depth. Because 

coal seaihs tend to he pbrous and fractured, they may be ; unable to sustain such hydrostatic 
pressure, even if formation water is also present in the coal seam 15. Accordingly, if the 
15 full hydrostatic pressure is allowed to act on the coal seam 1 5, the result may be loss of 
:H Sbfillihg: ^ cuttings into the formation. Such a cfccupi^ance is referred to 

' r ; as an M S^^4>alariced , ^drilling operation in wMch the hydrostatic fluid pressure in tiie well 
bore 30 exceeds the ability of th6 fonriatidn^ 
r: fluids' ^ cuttings into the iorin^on not ,^yiis 
20 fluids, which must be made up, but it also tends to plug the pores m th^ co^ JSfeam 15, 
Which are needed to di^ the coal seam of gas arid wa^ 

To prevent over-balariee drilling coriditioxis during formation of the well bore 
patterri SO, air compressors 60 are provided to chculatie compressed air down the well bore 
12 arid back tip through the articulated well bore 30. The circulated air will admix with 
25 the drilling fluids in the arinulus around the articulated drm string 40 and peate bubbles 
^ column of drilling fluid. This has the effect of hghtenipg the hydrostatic 

pressure of the drihing fluid and reducing the down-bole pressure sufficiently that drilling 
conditions do not becoirie over-balanced. Aeration of the drilling fluid reduces down-hole 
pressure to approximately 150-200 pounds per square inch (psi). Accordingly, low 
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pressure coal seams and other subterranean resources can be drilled^ TN^thp^ sub^antial 
loss of drilling fluid and contamination of the resource by the drilling fluid. 

Foam, which may be compressed air mixed wim ^ater, . may also be circulated 
M do wh through mc articulated drill string 40 along 
5 the drilling flmd ifr toe annulus as the; articulated well bore 30 is being drilled and, if 
: -desired, as the well bore pattern 50: is being driUed. .j^^t?^^.^!?^ 1 50 
■■ ■■■■ i with, the use of an air hammer bit or an air-powered down^ol.e motor will also, supply 
: > ■ compressed air or foam to the drilhng fluid. . In this :-^^^m^^^^ 
which is used to power the down-hole motor m^BM^M^^^^^^ 40 
10 in the vicinity of the drill bit 42,. However, ^j^.^j?^^*:^^?? 1 be 
circulated down die- Well bore 12 permits greater aeration , of the grilling fluid than 
generally is possible by air supplied through the articulated drill sfring 40., . 

FIGURE 2 is a- diagram illustrating system 10 for enhanced access to a 
subterranean zone from a limited surface area in accordance with another embodiment of 
15 the present invention. In this embodiment, the well bore 12, enlarged cavity 20 and 
articulated well bore 30 are positioned and formed as previously described in connection 
with FIGURE 1. Referring to FIGURE 2, after intersection of the enlarged cavity 20 by 
the articulated well bore 30, a pump 52 is installed in the, enlarged cavity 20 to pump 
>• -•:..•: drilling fluid and cuttings to the surface 14 through the well bore 12, This eliminates the 
20 friction of air and fluid returning up the articulated well bore 30 and reduces down-hole 
- pressure to nearly zero. Accordingly, coal seams and omer subterranean ^ having 
ultra low pressures below 150 psi can be accessed from the , surface 14. Additionally, the 
risk of combining air and methane in the well is eliminated. 
*i FIGURE 3 is a diagram illustrating system 10 in accordance with another 

25 •-• embodiment of the present invention., In this embodiment, after the well bores 12 and 30, 
^ as well as well bore pattern 50, have been drilled, the articulated driU string 40 is removed 
from the articulated well bore 30 and the articulatcd:Well bore 30 is capped. A down hole 
pumping unit 80 is disposed in the well bore 12 in the enlargecl cavity 20. The enlarged 
cavity 20 provides a reservoir for accumulated fluids allowing intermittent pumping 
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\ ^thout adveirse effects of a hydrostatic head caiised by accumulated fluids ill the well 
bore 12. - ; y^ : '- : --?r~. : V'i -^r s." .. ij.v -V:~:>. >. : : ;■>■■'"■■-■. ... v .. v . 

The pumping unit 80 is connected to the surface 14 via a tubing string 82 and may 
be powered by sudker rods 84 extending down -thro^^- : %e-'t£r0|ll bore 12 of the tubing 
5 string 82. ThS sucker rods 84 &e t^eciproeated by^ a 
such as a powers walking be^^ 

is used to remove water and enframed coal firieS from the c<)al seam . 15 via: the W^U bore 
pattern 5(K Onedthe^ 

• of methane wWibH may be dis^blvfed in &e water tod f6r Tm^i^^^f^0ki^^:^^ After 
10 sufficient water has been reihoved from Jhe coal seam pure coal seam gas .may be 
allowed to flow to the smfaee 14- throiigji the annutlus of ihe weU bore 12: around the 
tubing string 82 and removed viat piping attached to a wellhead apparatus. At the surface 
14; the methane is treated, compressed ahd ptmi a; pipelMe for use as a fuel in 

a conventional manner, life pumping unit 80 may be operated continuously or as needed 
15 to remove water dr^ed from the coal seam 15 into the enlarged cavity 20. ■> ? > 

FIGURBS 4-6 are diagr^s illustrating weUf bore patterns 50 for 
to ^bterrtoeah resources rn acbordance . with embodiments of the present invention. In 
these embodiments, the well bore patterns 50 comprise pinnate patterns that have a main 
ot cenfral well to 

20 literal well bores Extending from each side of the miaija well bore> The pinnate pattern 
approximates the pattern of veins in a leaf or the design of a feather in that at h^ similar, 
substantially parallel, auxiliary well bore bores arranged in substantially equal and parallel 
spacing on opposite sides of an axis. The pinnate well bore pattern with its main or central 
bore and generally symmetrically arranged and appropriately spaced auxiliary lateral well 

25 bore bores on: each side provides a uniform pattern for draining fluids from^a.coal seam or 
other subterranean formation or for uniformly introducing a substance into the 
subterranean formation: As described in more detail below, the pinnate pattern provides 
substantially Uniform coverage of a square, diamond, other quadrilateral, or grid area and 
may be spaced apart from each other for preparing the coal seam 15 for mining operations. 
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frwi^ 

foe present invention. ■ ..^u. ; 

The pinnate and other suitable well bore patterns drilled from, the . surface provide 
^ surface access to subterranean formations. - The -well bore pattern, niay be used to 
? ; uniformly Remove and/or insert fluids or otherwise mampulafoa- su^ter^eaii, deposit. In, 

* puff' steam operations for heavy crude oil, and the removal <pf hydrocarbons from low 

porosity reservoirs. - % ' 

4 ■ FIGURE 4 fe a diagram iUustrati^ a Well bore pattern 10Q in v accordance With an 

lb embommcnt of the present invention. In ^embodiment; the well bore pattern 100, 
-■^ provides access fS 4 substahtMf ffi^ond ,a.r^aM&mi^.^m of a 
' ^^bterr&eto ; re^«.: A number of foe weU bore patterns lOOimay be, used together to 
provide uniform access to a large subterranean region. The ^nculateM well bore 30 
defines a first corner of the area 102. -The Well bore pattem.100 includes a main well bore 
if 104 eitendin^ magoriaUy across the area 102 to a distam comer JO^of foe ar^l02. For 
1 drainage applications, the Well bores 12 and :30 are positipned over foe area 102 such that 
! foe W el^ 

• : > of water; gas' and bfoer fluids from foe ar e a 10% .The w*lkbore 1M ^drijledusmg the 
articulated drill string 40 and extends from the enlarged cavity 20 in alignment with foe 
■^'''^WT^ated^wellbbre^.' ; " ■■■ ■ .-.^..wwr* 
V - ; * ■ A plurality of lateral well bbresllO extend from foe opposites sides of well bore 
• !V --' I04toa ; periphety 'h2«fte^l€a.-TI»l^^^l^fW^«^^ 
bn opposite sides of the well born 104 -or may be offsetifrom each other along foe well 
bore 104. Each of the lateral well bores 110 includes a radius curving portion 114 
'25 extending fronl the well bore 104 and an clongatefopo^^^^ ; 
: ; portion 114 has reached a desired orientation. For uniform coverage of foe area 1Q2, pairs 
of lateral wellbortes 110 are substantially equally spaced on. each side offoe weUbore 104 
and extend from 

well bores 110 shorten in length based on progression away from the enlarged diameter 
30 cavity 20 in order to facilitate drilling of the lateral well bores 1 10. The quantity and 
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" spacing of lateral Well bores MO may be varied to accommodate a variety of resource 
areas, sizes and well bore requirements. For example, lateral well : bpres 110 may be 
drilled from a single side of the well bore 104 to form a onerhalf pinnate pattern. 

The well bore 104 and the lateral well bores 1 10 are formed by driUmg though the 
5- enlarged caVity 2b using the articulated drill string 40 and. an appropriate drilling 
'apparams: Durte 

? while ' drilling (M WD) technologies - may bp employed, to control toe d^tion and 
orientation of the drill bit so as to retain the well bore pattern lOO.wj^'Ihe coiifines of 
M ; th : e coal seam 15 and to maintain proper spaemgand orientation of Je well bore 104 and 
10 lateral well bores 110; AsViltustrated in FIGURE. 4, the lateral, weU bojes 110 are 
configured such that a distance or lengm of ^ 110 measured from the 

periphery 112 to the cavity 20 or well bores 12. or. 30 is substantially equal, thereby 
faciUtating the drilling'of each lateral well bore 1 10, ; ; ; 

In a particular embodiment, the well bore 104 is drilled with an incline at each of a 
15 plurality of lateral kick-off points 108, After the weU bore 104 is complete, the articulated 
drillstring 40 is backed up-to each successive lateral point 108 from which a lateral well 
tore 110 is drilled on each side of the well bore 104, t It should be underetpod that the well 
bore pattern 100 may be otherwise suitably formed, m accordance wiA the present 

invention. - " ' '• ' :■'''>■' '■ •■ ■ v,-"--, 5 "' '■■'^v.:S%v: k^^v VjlK-tf^.H'-- 

20 FIGURE 5 illustrates a well bore pattern 140 in accord^ee w\fii another 

' embodiment of the present invention. The well bore pattern 140 includes three discrete 
wcil bore patterns 100 each draining a portion of a region 142 covered, by the well bore 
pattern 140. Each of the well bore patterns 100 includes; a well bore 104 and a set of 
lateral Well bores 110 extending from the well bore 104- In the tri T pinnate pattern 
25 embodiment illustrated in FIGURE 5, each of the well bores 104 and 110 are drilled from 
a common articulated well bore 144 and fluid and/or gas may be removed from or 
introduced into the subterranean zone through a -well bore 146 in communication with 
each well bore 104. This allows tighter spacing of the. surface production equipment, 
wider coverage of a well bore pattern and reduces drilling equipment and operations. 
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• Each wcU fore 104 is formed at a locauoh Native tp : other wdl bores 104 to 
accomodated 

' foay be forhied having a spacing or a distance between adjacent : well bores 104 to 
V accommodate access to a kibterrahean region such that only three well bores, 104 are 
5 " required:" thus, the spacing between adjacent well bores . 1M may . be varied to 
accommodate Varied concenfrations of resources of 'a; subterranean zone; Therefore, the 
^ - facing between adjacent well bores 104 may- be substantially equal, or may vary to 
accommodate the unique characteristics < of a ; particular ^ subtenanean-^ource-. For 
— ekampfo, in foe embodiment illustrated in FIGURE 5, the spacing between each well bore 
;6 104 is substantially equal at an angle of appfoximately^20 , degreesdirom each other > 
thereby resulting in bach web* bore pattein 100 extending in a direction approximately 120 
degrees from ah adjacent Well bore pattern 100. However, other suitable well bore 
facing angles, patterns or orientations may be used to accommodate the characteristics of 
a particular subterranean resource. Thus, as illustrated in FIGURE 5, each well bore 104 
15 and ^rrespondnig well bore pattern 100 extends outwardly from well bore 144 in a 
^ difleieiit dfrectfoh, thereby forming a substantially symmetrical pattern. As will be 
ufosfrated in greater detail below,. foe synnnetrically formed well bore patterns may be 
positioned or nested adjacent each ofoer to provide substantially unifonn access to a 
"'" subterraiiean zone. • -.i-, . 

20 In the embodiment illustrated in FIGURE 5,. each; well bore pattern 100 also, 

v includes a set of lateral well botes 148 extending from lateral well bores 110. The lateral 

• bfe offset from each other along the lateral well bore 110, Each of the lateral well bores 
148 includes a radius curving portion 160 extending from foe lateral well bore 110 and an 
25 elongated portion 162 formed' after foe curved portion 160 has reached a desired 
J orientation. For uniform coverage of foe region 142, pairs of lateral well bores 148 may 
be disposed substantially equally spaced on each side of foe lateral well bore 110. 
' 'Additionally, lateral well bores 148 extending from one lateral well bore llQrmay be 
disposed to extend between Or proximate lateral Well bores 148 extending from an 
30 adjacent lateral well bore 1 10 to provide uniform coverage of foe region 142. However, 
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■•>'■■■ the 5 qukitity, spacing, and angular orientation pf lateral well bores. 148 ma^be varied to 
aeeoinmodate a variety of resource areas, sizes and. well bore r^qtikemerits. 

As described above ^ in tx>nn^pn with FIpUEUE 4, each well bore pattern 100 
• gdnemUy prbvideslaccieSs to a qaadrilaterally shaped, area or re^O^ 10^. In FIGURE 4, 
5 the re^ As illustrated in 

" FIGURE 5* the 

quadrilaterally shaped r ii»^^'44&?^74is[^ed; ^bstantially in cornmori wijh e^chpther to 

prcradenhifbri^ :>if:h:* : ' • ■ :^W-r^u ; :;r : -:,>.; 

v ■ ' FIGURE 6< iUusttates an aUgnment or vnestedp a^ 

10/ a- within a Mbterrmeaa^one in accordance with m~em!^ In 
' Jhfe ^ form a series of 

generally hexogonally configured weU bo 

bore pattern v i4G ill^stiated in FIGUM 5. Abas* the well bore pattern 150 comprises a set 
of well bore suhrpatternsy such as well bore patterns 100, to obtain a desired geometrical 

15 configuration or access? shape; The well bore patterns 150 may be located relative to each 
other such that the well bore patt<srns 150 are riested in a generally to^ 
a^ thereby m^hnizing the area of access to a subterranean resource using 

■ ■■ fewer well bore pattei^ 

patterns 150 may be drilled from the surface to degasify the subterranean^ resource well 

20 ahead of mining operations. -\-~ : ,.;- ;T; ; ; • .. v \; : / ; ; : v 

l?^b\ The quantity of discreet well bore patterns 1 00 may also be varied to produce oth«er 

geometrically-configured well bore patterns such that patterns may 
be nested to provide uniform coverage of a subterranean resource. For example, in 
FIGURES 5-6, three discreet well bore patte^ 

25 a central ; well ^ bore 104 v thereby.forpiing a six-sided or hexagonaHy configured well bore 
pattern 140 and 150.: However^ greater or fewer than three discreet^ well bore patterns 100 
may also be used in cominunication with ^ central well bore 104, such tb^t a plurality of 
the resulting multi-sided well bore patterns may be nested together to provide uniform 
coverage of a subterranean resource and/or accommodate the geometric characteristics of 

30 a particular subterranean resource. 
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FIGURES 7A and 7B illustrate a dual radius articulated weU system 200 for 
enhanced access to a subterranean resource from a limited surface area in accordance with 
- another embodiment of the present invention. In this embodiment, the subterranean 
resource is a coal seam. It should be understood that:other subterranean formations and/or 
5 omer low pre^me, ultra-low pressure, and low porosity subterranean resources can be 
- similarly accessed iising the dual radius articulated well system 200 . of the present 
• ^^io^r^^m^pto^ water, hydioca^iis^dotb^ fluids^ the lesonrce, 
- to teat minerals in the resource prior to mining operations, or to introduce or inject a fluid 
■* - ^.^WMm^-zo^-^m embodu^cnt, three discreet well bore patterns are 
10 formed in communication with a single well bore. For ease of illustration, formation of a 
,,. single well bore pattern is described in conjunction #th FIGURE 7A; however, it should 
he understood mat the formation of the well bore pattern may be duplicated for forming 
i the additional Well bore patterns. 

FIGURE 7A is a diagram illustrating a cross-sectional view of the system 200 in 
15 accordance with an embodiment of the present invention. A well bore 210 extends from 
to surface 14 to a first articulated well bore 230. Tire well bore 2 1Q is lined with a 
stable well casmg 215 that termini 

230 A second well bore 220 extends from me intersection of the well bore 210 and the 
first articulated well bore 230 te a second.articulated. well bpre 235. The . second well bore 
20 220 is in substantial alignment with the first well bore 210, such that together they forma 
' * continuous well bore. An extension 240 to the second well bore 22Q ; extends from the 
: intersection of the second well bore 220 and a second articulated well bore235 fo a depth 
below the coal seam. 15. In FIGURE 7A, well bores 210 and 220 are illustrated 
^ substantially vertical; however, it should be understood, that well bores 210 and 220 may 
25 be formed having other angular orientations to accommodate surface 14 and/or coal seam 

15 geometric characteristics. ' 

The first articulated well bore 230 includes a radius portion 232. The second 
articulated well bore 235 includes a radius portion 237. The radius portion 237 is 
generally sized smaller than radius portion 232 to accommodate intersection of the second 
30 articulated well bore 235 with the first articulated well bore 230. The first articulated well 
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bore 230 commt^cates v^ffi an enlarged cavity 250. The enlarged cavity 250 is formed at 
the distal end of the first articulated well bore 230 at the level of the coal seam 15, As 
described in more detail below, the enlarged cavity 250 provides- a junction for 
intellection of ia subsurface channel or well bore 225. ■ ...v. . 

hi one embodiment, the enlarged cavity 250 is formed Shaving a radius of 
approximately eight feet and a vertical dimension which equals or exceeds the vertical 
dimension of the coal seam 15 The enlarged cavity 25Q is form^ m 
reaming techniques and equipment * However, the enlarged Q$v& : -250 : -p^J)e- foimed' 
having other suitable geometric chai^etm 

th^ enliarged cavity 250. / . • v , : y -,.;^, = -,. . . _ _ 

The well bore 225 is formed at the inters^tion of the second bore 220 and 
"the second articulated Well bore 235. TOe vv^ell bore 225 extends through the coal seam 15 
and into the enlarged cavity 250. In FIGURE 7A, well bore 225 is illustrated substantially 
horizontal; however, it should be understood that well bote -225 may be foimed at other 
angiilat orientations to accommodate the geomeWc characteristics of the coal seam 15. 
After thefi^ is formed in the 

coal seaih. After the enlarged cavity 250 has been formed, drilling is; continued through 
the cavity 250 to form a well bore pattern 50 in the coal seam^l The well bore pattern 50 
and 'dther such well bores include sloped, coal seam 

15 or other ^ubteitanean resource. : During this operation, gamma ray logging tools and 
conventional measurement while drilling devices may be employed to control, and direct 
the orientation of drilling to retain the well bore pattern 50 within the confines of the coal 
seam 15 and to provide substantially uniform coverage of a desired area within the coal 
seam 15. The well bore pattern 50 may include a pattern as illustrated iu FIGURES 4-6; 
however, other suitable well bore patterns may also be used. Drilling mud and over- 
balance prevention operations may be conducted in the same manner as described in 
connection with FIGURES 1-3. 

After the well bore pattern 50 has been fonned, the second well bore 220 may be 
formed. As described above, the second well bore 220 is formed at the intersection of the 
first well bore 210 and the first articulated well bore 230. After the well bore 220 is 
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drilled to the depth ofthe coal seam 15, the second articulated well bore 235 and the well 
,, - bore 225 are formed. The second articulated well bore 235 is formed using conventional 

articulated drilling techniques. Jewell bore 225 is .formed using conventional drilbng 
, techniques' and interconnects the second well bore. 220 and. the enlarged cavity 250 
5 through the second articulated well bore 235. Ruids coUected from the well borepattem 
. r- 50 flow through the.enlarged cavity 250 and along .the well bore 225 and are removed Via 
, the second well bore 220 andthe first wen bore 210 to the surface l^y drilling m this 
,\, , manner, a substantial area of a subsurface formation may be drained or accessed from a 

small area on the surface. ^ ; - v f 

10 FIGURE 7B is a diagram illustrating a top plan view of system 200 illustrated in 

FIGURE 7 A in accordance with an embodiment of me present invention. As illustrated in 
FIGURE 7B, each of three articulated weU bores 230 and well bores 225 extend from well 
bore 210 in a position appmximately.120 degrees apart from each other. Well bore 210 as 
drilled in a surface location at the approximate center of a desired total well bore area. As 
15 described above, articulated well bores 230 are drilled from a surface location proxunate 
W in common with the well bpre 210. Well bore patterns 50 are drilled within the target 
: : subterranean resource .from each articulated well bore 230. Also from each of the 
, . articulated well bores 230, an enlarged cavity 250 is formed to collect resources drammg 
«. from the well bore patterns 50. Each of three subsurface, channel or well, bores 225 is 
20 drilled to connect each of the enlarged cavities 250 with the well bore 210 as described 
above in connection with FIGURE 7A. t 

. Resources from the target subterranean resource drain into well bore patterns 50, 

where the resources are collected in the enlarged cavities 250. From the enlarged cavities 
ft • . 250 the resomces pass through me well bores 225 and into the well bore 210. Once the 
25 resources have been collected in the well bore 210, they may be removed to me surface by 

the methods as described above. 

FIGURE 8 iUustrates a well bore pattern 300 in the form of a pinnate pattern in 
accordance with another embodiment of the present invention. In this embodiment, an 
articulated well bore 330 defines a first corner of an area 332 ofthe resource. The well 
30 bore pattern 300 includes a main well bore 334 extending diagonally across the area 332 to 



W6 Oi/0^455 



PCT/US02/01325 



18 

a distant corner 336 of the area 332; Preferably, a well bore 320 and the articulated well 
bore 330 are positioned over the area 332 sucb that the well bore 334 is drilled up the 
slope of the coal seam 15. This will facilitate collection of waiter, gas y and other fluids 
from the area 332. The well bore 334 extends from an enlarged cavity 322 in alignment 
5 with the articulated well bore 330. ' ; 

A phrcality of lateral well bore^ 340 extend from the opposites sides of rfrell bore 
334 to a periphery 3 42 of the area: 332. The lateral well bores 340 may mirror each other 
on opposite sides of the well bore 334 or may b& offset from each other along the well 
bore 334. Each of the lateral well bores 340 includes a first tadius curving poMon 344 

10 extending froin the well bore 304, and aii elongated portion 346. The first set of lateral 
well bdtes 340 located proximate to the cavity 322 may also include a second radius 
curving portion 348 formed after the first curved portion 344 has reached a desired 
orientation, hi this set, the elongated portion 346 is formed after the second curved 
portion 348 has reached a desired orientation. Thus, the first set of lateral .well bores 340 

15 kicks or turns back towards the enlarged diameter cavity 322 before extending, outward 
through the formation, thereby extending the well bore area back towards the cavity 322 to 
provide uniform coverage of the area 332. For uniform coverage of the area 332, pairs of 
lateral Well bores 340 are substantially evenly spaced on each side of the well bore 334 
and extehd frbm the well bore 334 at an angle of approximately 60 degrees* The lateral 

20 well bores 340 shorten in length based 6n progression away from the enlarged diameter 
cavity 322 in order to facilitate drilling of the lateral well bores 340. 

The Well bore 334 and the lateral well bores 340 are formed by drilling through the 
enlarged cavity 322 using the articulated drill string 40 and an appropriate drilling 
apparatus. During this operation, gamma ray logging tools and conventional measurement 

25 while drilling (MWD) technologies may be employed to control the direction and 
orientation of the drill bit so as to retain the well bore pattern 300 within the confines of 
the coal seam 15 and to maintain proper spacing and orientation of the Well bore 334 and 
lateral well bores 340. In a particular embodiment, the well bore 334 is drilled with an 
incline at each of a plurality of lateral kick-off points 350. After the well bore 334 is 

30 complete, the articulated drill string 40 is backed up to each successive lateral point 350 
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V W whidi a literal well bore 340 is drilled on each side of the well bore 334. It will be 
^ xmderstoc^matthfe pinnate well bore pattern 300 may be otherwise suitably formed in 
V; accordance with foe present mvention. ; ^ . , . , . ; v 

Z- FIGURE 9 is a diagram illustrating a plan view of a well bore pattern 400 in 

5 accordance with an embodiment of the present invent^ 

pattern 400 comprises two discreet well bore patterns 402 each providing access to a 
, portion of a region 404- covered by foe . well bore pattern 400. ; ^Each of the well bore 
, patterns 402 inclndes a well bore 406 and a set of lateral weU bores 40$ extending from 
n the well bore 406, In the embodiment illustrated in FIGURE 9, each of foe well bores 406 
iQ, and408 are drilled from a common articulated well bore 410 and fluid and/or gas may be 
■ U. removed from br'fotroduced into the subterrapean zone through a well bore 412 in 
: communication with each well bore 406. In this embodiment, foe well bores 410 and 412 
are illustrated -offset from each, others however, it should be understood that well bore 
pattern 400 may also be formed using a common surface well bore configuration, such as 
15 illustrated in FIGURE 7A. This allows tighter spacing of foe surface production 
equipment wider coverage of a well bore pattern and reduces driUing equipment and 

"• operations./^ ! - : •" ■ :\y*'V. : -& ■■: i -J , '£ s . : ~ ! ' r:. i: 'V-'. ; - 

Referring to FIGURE 9, foe well bores 406 are disposed subsjantially opposite 

i * each othe^at an angle of approximately 180 degrees, thereby resulting in each well bore 

20 pattern 402 extending in an opposite direction. However, other suitable well bor^ spaemg 

.- <rf angles patterns or orientations may be used to accommodate the characteristics of a 

^ , particular subterranean resource. In foe embodiment ilfostrated m FIGURE 9, each well 

bore pattern 402 includes lateral well bores 408 extending from well bores 406. The 

,^ lateral well bores 408 may mirror each other on opposite sides of foe, well bores 406 or 

25 maybe offset from each other along foe well bores 406. Each of foe lateral well bores 408 

... includes a radius curving portion 418 extending from foe well bore 406 and an elongated 

portion 420 formed after the curved portion 418 has reached a desired orientation. For 

uniform coverage of the region 404, pairs of lateral well bores 408 may be disposed 

substantially equally spaced on each side of foe well bore 406. However, foe quantity, 

30 spacing, and angular orientation of lateral well bores 408 may be varied to accommodate a 
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variety of resource areas, sizfcs and well bore reqiurements. As described above, the 
lateral well bores 408 may be formed such that the length of each lateral well bore 408 
decreases as the distance between each respective lateral well bore 408 and the well bores 
410 or 412 increases. Accordingly, the distance from the well bores 410 or 412 to a 
5 periphery of the region 404 along each lateral well bore 408 is substantially equbl^ thereby 
providing ease of well bore formation. 

In thi^ embodiment, each Well bdre pattern generally provides access to a 
' triangular shaped area or region 422. The triangular shaped regions 422 aire formed by 
disposing the lateral well bores 408 substantially orthogonal vto the v^U ,b6res.v406. The 

10 triangular shaped regions 422 are disposed adjacent each other such that each region 422 
has a side 424 substantially in common with each other. The combination of regions 422 
thereby fonhs a substantially quadrilateral shaped region 404. As described above, 
multiple well bdr^ {patterns 400 may be nested together to provide substantially uniform 
access to subterranean zones. ^ r ; 

15 FIGURE 10 is a flow diagram illusttating a method for enhanced access to: a 

subtearranean resbirrce, sticH as a coal seam 15, in accordance with an embodiment of the 
present invention. In this embodiment, the method begins at step 500 in which areas to be 
drained and well bore patterns for the areas are identified; ftnnate well bore patterns may 
be usekl to prdvide optimized coverage for the region. Howevqr* it shoulclJbe understood 

20 that other suitable well bore patterns may also be used. : v >- 
Proceeding to step 502, the first well bore 12 is drilled from the surface 14 to a 
predetennined depth through the coal seam 15. Next, at step i 5Q4 5 : down hole Jogging 
equipment is utilized to exactly identify the location of the coal seam in the well bore 12. 
At step 506, the enlarged cavity 22 is formed in the first well bore 12 at rthe location of the 

25 coal seam 15. As previously discussed, the enlarged cavity 20 may be formed by under 
feaiiung and other conventional techniques. ; 

At step 508, a second well bore 12 is drilled from the surface 14 to a predetermined 
depth through the coal seam 15. The second well bore 12 is disposed offset from the first 
well bore 12 at the surface 14. Next, at step 51 0, down hole logging equipment is utilized 

30 to exactly identify the location of the coal seam in the second well bore 12. At step 512, 
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theenlarged cavity 22 is formed in the second well bore 12 at the location of the coal seam 
15. At step 514, a third well bore 12 is drilled from the surface 14 to a. predetermined 
depth through the coal seam 15. The third well bore 12 is disposed pf&et for the first and 
second well bores 12 at the surface. For example, as described above the first, second and 

5 third well bores 12 may be disposed having an approximately 120 degree; spacing relative 
to each other and be equaUy spaced from a median location of a well bore area, ^ext, at 
step 516, dowh hole loggmg equipment is uti^ 

• coal seam 15: in the third well bore 12. At step 518vme enlarged ^ in the 

third well bore 12 at the location of the coal seam 15. . ... , '.^>-^ : ; V 

0 Next, at step 520, the articulate* well bore 30 is drilled to intersect the enlarged 

cavities 22 formed m the fifsVsecond and mh^ 

104 for the pinnate well bore patterns are drilled through the articulatetl, well bore 30 into 
the coal seam 15 extending from each of the enlarged cavities, 20. After formation of die 
well bore 104, lateral bores 110 for the pinnate well bore pattern are drilled at step 524, 
15 Lateral well bores 148 for the pinnate well bore pattern are formed atstep526. : 
: At step 528, the articulated well bore 30 is capped. Next, at step ,530,, the enlarged 

cavities 22 are cleaned in preparation for installatipn of downhple.production emiipment. 
The enlarged cavities 22 may be cleaned by pumping compressed air down the first, 
second and third well bores 12 or other suitable techniques. At step 532, production 
equipment is installed in the first, second and third : weft l^res 12.. The production 
equipment may include a sucker rod pump extending down, into the, cavities 22 for 
removing water from the coal seam 15. The removal of water will drop , the pressure of the 
coal seam and allow methane gas to diffuse and be produced up the annulus of the first, 
second and third well bores 12. i - : ' 

25 Proceeding to step 534, water that drains from the well bore patterns into the 

cavities 22 is pumped to the surface 14. Water may be continuously or intermittently 
pumped as needed to remove it from the cavities 22. At step 536, methane gas diffused 
from the coal seam 15 is continuously collected at the surface 14. Next, at decisional step 
538, it is determined whether the production of gas from the coal seam 15 is complete. In 
30 one embodiment, the production of gas may be complete after the cost of the collecting the 
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gas exceeds the revenue generated by the well* In another /^bodimeiit, gas may cpntinue 
to be produced from the well until a regaining level; of gas in the coal seam 15 is below 
r&juired levels for inining operations. If production of the gas is not complete, the; method 
returns to steps 534 and 536 in wMch water and gas eontinue to be remoy^ from the coal 
5 seam 15; Upoii completion of pi^ 

production equipment is removed. [ ^ > v - : ^ > t? ; v , ; : 

• Next;- at decisional step 542; it. is determined whether tbe : coal , seain 1$ is to be 
further 1 prepared for mimng ^ oper^dns. iJ^the coal seam 15 is to. be further prepared for 
mining operations, the method proceeds to step 544, where water and other addi^yes may 
id be injected back intb the coal seam 15 to rehydrate the coal seam \ 5 in order to minimize 
dust, improve the efficiency of and imprb^ 

Ifaddit^ 

proceeds from step 542 to step 546^; where the coal sie&m-l 5;i$ mined. The removal of the 
coal from the coal seam 15 causes the mined roof to cave and fracture into the opening 

15 behind the rhMing process. The collapsed roof creates gob gas which may be collected at 
step 548 through the first, second and thkd well bores; 12. Accordingly, additional drilling 
operations are not requiredtb recova* gob gas from a mined co^l se^ ,15. Step 548 leads 
to the end of the process by which a coal seam: 15 - is efficiently degassed from the 
surface. The method provides a symbiotic relationship with the minM;o remoy^ unwanted 

20 gas prior -to mining and tb tehydf ate the coal prior to the mining proces?; f ; > 

Althdugh the present invention has been described with several embodiments, 
variotis* changes and modifications may i be suggested to one, skilled in the art It is 
intended that the present invention encompass such changes and modifications as fall 
within the scope of the appended claims. : 
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WHAT IS CLAIMED IS : 

I A subterranean y/ell bore pattern- for accessing an area of a subterranean 

zone from the surface, comprising: — 

a first well bore extending from a surface well bore substantially defining a first 

end of the area in the subteiranean zone to a» distant end of the area; and 

a plurality of lateral well bores expending, outw^ from the jBrst well bore, 

wherein a distance from an end of a lateral well bore to the surface well bore is 

substantially equal fdf each of the lateral well boresi* ^ : . 

2. The well bore pattern of Claim 1, wherein the plurality of lateral well bores 

/comprises: ' v s /'"'- r *" - h ■ • 

a first set of lateral well bores extending outwardly from a first side of the first well 

• bore; and - • ■ s -. **' ■ ' 'c ■ 

a second set of lateral well bores, extending outwardly from a second si<Ie of the 
first well bore. i ;: 4 ; 

3. The well bore pattern of Claim A fturther comprising a third ?Qt pi lateral 
well bores extending outwardly from the first and second sets of lateral well bores. 

4. The well bore pattern of Claim 1, wherein the plurality of lateral well bores 
each extend to a periphery of the area. 

5. The well bore pattern of Claim 1, wherein each of the plurality of lateral 
well bores are substantially evenly spaced from each other. 

6. The well bore pattern of Claim 1, wherein at least one of the plurality of 
lateral well bores comprises: 

a first radiused portion extending from the first well bore; 
a second radiused portion extending from the first radiused portion; and 
an elongated portion extending from the second radiused portion. 



WO 02/059455 



PCT/US02/01325 



25 



24 



7. The Well bore pattern of Claim 6* wherein ; the second radiused portion 
extends toward the surface well bore. ,-. ?. 

8. The well bore pattern of Claim ly wherein the area subistantially comprises 
a quadrilateral, and wherein *the eiids comprise distant end of the quadrilateral. 

9. The well bore pattern of Claim 8 y wherein .^ak^^^^pbi^^ of lateral 
well bores extends to a periphery of the quadrilateral. 

10* A method for accessing an area of a subterranean zone from : the. surface, 



10 



forming a first well bore extending from a surface well bore substantially defining 
a first end of the area id the subterranean zone to a distant end of the area \ and 
15 forming a plurality of lateral well bores extending outwardly from the first well 

bore, wherein a distance from an end of a lateral well bore to the surface well bore is 
substantially equal for each of the lateral well bores. k ^ 

1 1 . The method of Claim 1 0, wherein forming the plurality of lateral Well bores 
20 comprises: - ' :• • 

forming a first set of lateral well bores extending outwardly from a first side of the 
first well bore; and 

forming a second set of lateral Well bores extending outwardly from a second side 
of the first well bore. 



12. The method of Claim 10, wherein forming the plurality of lateral well bores 
comprises: 

forming a first set of lateral well bores extending outwardly from a first side of the 
first well bore; 
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form i n g a second set off lateral well bores extending outwardly from a second side 
of the first well bore; and 

. . > forming a third set of lateral well bores extending outwardly from the first and 
second sets of lateral well bores. \ 



••5 



13. The method of Claim 10/ wherem forming the plurality of lateral well bores 
comprises extending each of the plurality of lateral well bores to a periphery of the area. 

14. The method of Claim 10, wherem formmg the plmality of lateral well bores 
10 comprises disposing each of the plurality of lateral well bores substantially evenly spaced 

from each other. 

: 15i ;, The method of Claim 10, wherein, forming at least one of the plurality of 

lateral well bores comprises: 
15 forming a first radiused portion extending from the first well bore; 

fonnmg a second radiused porUon extending from me fi^^ 
forming an elongated portion extending fr om the second r adiused portion. , , 

16. The method of Claim 15, wherein forming the second radiused portion 
20 comprises extending the second radiuses portion toward me surface well bore, 

17. The method of Claim. 10, wherein forming the; first well bore and the 
plurality of lateral well bores comprises disposing the first well bore and the plurality of 
lateral well bores to form a substantially quadrilateral area, wherein the ends of the first 

25 well bore comprise distant end of the quadrilateral area. 

18. The method of Claim 17, wherein forming the plurality of lateral well 
bores further comprises extending each of the lateral well bores to a periphery of the 
quadrilateral area. 

30 
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19. The method of Claim 10 - wh^ forming the plurality of lateral well bores 
comprises: 

forming a first set of lateral well bores extending outwardly from a first side of the 
first well bore; and 

5 forming a second set of lateral well bores extending outwardly from a second side 

of the first well bore, tiie sdcohd side opposite from the first side. 

20. The method of Claim 19, wherein forming the first and second sets of 
lateral well bores comprises forining each of the first set of lateral well bores opposite a 

10 corresponding one of the seborid set bf lateral well bores. ^ 

21 . A system for accessing a subterranean zone from the surface, comprising: 

a first well bore pattern exfending- from a* surface well bore, the first well bore 
pattern forming a first substantially quadrilateral area; and 
15 a second well bore pattern extending from the surface well bore, the second well 

bore pattern forming & second ^bstantially quadrilateral area, and wherein a first side of 
the first" quadrilateral area is disposed ^ substantially in connnon with a first side of the 
second quadrilateral area. 

20 22: The system of Claiin 21, wherein each of the first and second Well bore 

patterns comprises: 

a first well bote extending from the surface well bore, the first well bore extending 
from a first end to a distant end of a respective quadrilateral area; and 

a plurality of lateral well boires extending outwardly from the first well bore. 



25 



23. The system of Claim 22, wherein a distance from an end of a lateral well 
bore to the surface well bore is substantially equal for each of the lateral well bores. 



30 



24. The system of Claim 21, wherein each of the first and second well bore 
patterns comprises: 
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a first well bore extending from the surface well bore, the first wellbore extending 
from a first end to a distant end of a respective quadrilateral area; 

first set of lateral well bores extending outwardly from the first well bore; and 
second set of lateral well bores extending outwardly from the first, set of lateral 



a 
a 

well bores. 



25. The system of Claim 21, wherein each of me first and sepond well bore 

* patterns comprise: ■■ - :'.> rv 

a first wen bore-extending from the surface well bore, ^ first wellbore extending 
10 from a first end to a distant end of a respective quadrilateral area; and v A 
a plurafrty of lateral well bores extending outwardly from the first well bore, each 
ofthe plurality of lateral well bores substantially equally spaced apart from each other. 

26. The system of Claim 21, further comprising a third well bore pattern 
15 extending from the surface well bore, the third well bore pattern forming a third 

substantially quadrilateral area, and wherein a first side of the third quadrilateral area is 
disposed substantially in common with a second side of the first quadrilateral area, 

27. The system of Claim 21, wherein each of the first and second well bore 

20 patterns comprise: - : ''v. 

a first well bore extending from the surface well bore, the first well bore extending 
■ ■ fr<Mn a first end to a distant end of »ies^^e,qua«ilat^^^nd 

a plurality of lateral well bores extending outwardly from the first well bore, a 
* length of each of the lateral well bores decreasing as a distance from a respective lateral 
25 well bore and the surface well bore increases. 

• 28. A method for accessing a subterranean zone from the surface, comprising: 
forming a first well bore pattern in the form of a first substantially quadrilateral 
area, the first well bore pattern extending from a surface well bore; and 
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forming a second i^eU bbre pattern in thb fonn of a second subs^ 
quadrilateral area, the second well bore pattern extending from the surface well bore, and 
wherein a first side of the first quadrilateral area is disposed substantially in common with 
a first side of the second quadrilateral area. 

29. The method of Claim 28, The system of Claim 21, wherein each of the first 
and second well bore patterns comprise: 

a first well bore extending from the surface well bore, the first well bore extending 
from a first end to ai distant end of a re^ective quadrilateral areaf and ; 

a plurality of lateral well bores extending outwardly from the first well bore. V 

30. The method of Claim 22^ wherein forming the plurality of lateral well bores 
comprises forming the lateral well bores such that a distance from an end of a lateral well 
bore to the surface well bore is substantially equal for each of the lateral well bores. 

31. The method of Claim 28, wherein forming each of the first arid second well 
bore patterns comprises: i ^ -•. ---in- 
forming a first well bore extending from the surface well bore, the first well bore 

extending from a first end to a distant end of a respective quadrilateral area; 

forming a first set of lateral well bores extending outwardly from the first well 
bore; and ...... 

forming a second set of lateral well bores extending outwardly from the first set of 
lateral well bores. • > ; 

32. The method of Claim 28, wherein forming each <pf the first and second well 
bore patterns comprises: 

forming a first well bore extending from the surface well bore, the first well bore 
extending from a first end to a distant end of a respective quadrilateral area; and 
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forrning a plurality of lateral well bores extending outwardly from the first well 
bore, each of the plurality of lateral well bores substantially equally spaced apart from 
each other. 

33. The method of Claim 28, further comprising forming a third well bore 
pattern m^the form of a third substantially quadrilateral area, the third well bore pattern 
extending from the surface well bore, and wherein a first side of the third quadrilateral 
area is disposed substantially in common with a second side of the first quadrilateral area. 

34. The method of Claim 28, wherein forming each of the first and second well 

bore patterns comprises: 

- forming a first well bore extending from the surface well bore, the first well bore 
extending from a first end to a distant end of ^respective quadrilateral area; and 

forming a plurality of lateral well bores extending outwardly from the first well 
15 bore, a length of each of the lateral well bores decreasing as a distance from a respective, 
" lateral well bore and the surface well bore increases. 

35. A system for accessing a subterranean zone from the surface, comprising: 
. ... a surface well bore extending from the surface to the subterranean zone; and 
20 a plurality of well bore patterns disposed within: the subterranean zone each 

extending in a different direction from the surface well bore, the plurality of well bore 
patterns symmetrically disposed about the surface well bore. 

36. The system of Claim 35, wherein each of the plurality of well bore patterns 

'•25 ''■ comprises: - 

a first well bore extending outwardly from the surface well bore; and 

a plurality of lateral well bores extending outwardly from the first well bore. , 

37. , The system of Claim 36, wherein the lateral well bores are disposed 
30 substantially evenly spaced apart from each other. 
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38. The system of Claim 36, wherein a length, of a respective lateral well bore 
decreases as a distance from the respective lateral well bore to the surface well bore 
increases. 

5 . 

39. The system of Claim 36, wherein a distance from; each of the lateral well 
bores to the surface well bore is substantially equal; 

40. The system of Claim 35, wherein each of the plurality of well bore patterns 
10 forins a substantially quadrilateral shape. 

41 . The system of Claim 35, wherein each of the well bore patterns comprises; 
a first well bore Extending from the surface well bore; 

a first set of lateral well bores extending outwardly from a first side of the first well 
15 bore; and 

a second set of lateral well bores extending outwardly from a second side of the 
first well bore. 

42. The system of Claim 4lj wherein eachoftbefir^set of lateral wellborn is 
20 disposed opposite a Corresponding one of the second set of lateral well bores. 

43. A method for accessing a subterranean zone from the surface, comprising: 
forming a surface well bore extending from the surface to the subterranean zone; 

and 

25 forming a plurality of well bore patterns disposed within the subterranean zone 

each extending in a different direction from the surface well bore, the plurality of well 
bore patterns symmetrically disposed about the surface well bore. 
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44. The method of Claim 43, wherein forming each of the plurality of well bore 
patterns comprises: 
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forming a first well bore extending outwardly from the surface well bore; and 
forming a plurabty of lateral well bores extending outwardly from the first well 
';. bore. . . : -vv'.. . . 

5 : , 45. The method of Claim 44, wherefo fonnmg thte lateral well bores comprises, 
disposing each of the lateral well bores, substantially evenly spaced apart from each other. 

46. The method of Claim 44, wherein forming the lateral well bores comprises 
forming each lateral well bore such that a length of the lateral well bore decreases as a 

10 distance from foe respective la^ 

47. The method of Claim, 44, wberem^^^fo 

forming each of the lateral well bores such that a distance from each of the lateral well 
bores to the surface well bore is substantially equal. 



15 



20 



48: The method of Claim 43, wherein forming each of the plurality of well bore 
patterns comprises forming each of the plurabty of well bore patterns paying a 
substantially quadrilateral shape- - : 

49. The method of Claim 43, wherein forming each of the well bore patterns 



comprises: 

forming a first well bore extending from the surface well bore; - 

forming a first set of lateral well bores extending outwardly from a first side of the 

first well bore; and : ; " 
25 forming a second set of lateral well/bores extending outwardly from a second side 

of the first well bore. 

50. The method of Claim 49, wherefo forming the first and second sets of 
lateral well bores comprises forming each of the first set of lateral well bores opposite a 
30 corresponding one of the second set of lateral well bores. 
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51. A system for Accessing a subteiranean zone from the surface^ comprising: 

a first well bore pattern disposed within the subterranean zone extending from a 
first surface well bore; and 

a second well bore pattern disposed within the subterranean zone extending from a 
second surface well bore, the first; and second well bore patterns configured to nest 
adjacent each other within the subterranean zone. 

52. The method of Claim 51^ wherein each of the first and second well bore 
patterns comprises: % 

a first well bore extending from a respective surface well bore; and 

a plurality of lateral well bores extending outwardly frpici the first well bore. 

53. The system of Claim 51, wherein each of the first and second well bore 
patterns comprises: 

a plurality of main well bores extending outwardly from a respective surface well 
tore; and "' 

a plurality of lateral well bores extending outwardly from each of the plurality of 
main well bores. * 

54. The system of Claim 53, wherein the plurality of main well bores are 
symmetrically disposed about the respective surface well bore. 

55. The system of Claim 53, wherein a length of each of the lateral well bores 
decreases as a distance between the respective lateral well bore and a respective surface 
well bore increases. 

56. The system of Claim 51, wherein each of the first and second well bore 
patterns comprises: '.• . 
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a plurality of main well bores extending outwardly from a respective surface well 

-.i-- .bore; 

a first set of lateral well bores extending outwardly from a first side of each of the 

plurality of main well bores; and 
5 a second set of lateral well bores extending outwardly from a second side of each. 

ofthe main well bores. . v" : 

57. The system of Claim 56, wherein each ofthe first set of lateral well bores is 
disposed opposite a corresponding one of the second set of lateral well bores. 

io ■ 

58. A method for accessing a subterranean zone from the surface, comprising: 
forming a first well bore pattern extending from a first surface well bore and 

disposed within the subterranean zone; and 

forming a second well bore pattern extending from, a second surface well bore and 
15 disposed within the subterranean zone, the first and second well bore patterns arranged to 
nest adjacent each other within the subterranean zone. 

59. The method of Claim 58, wherein forming each of the first and second well 
bore patterns comprises: ■ ■. 

20 forming a first well bore extending from a respective surface well bore; and. 

forming a plurality of lateral well bores extending outwardly from the first well 



bore. 



60. 



The method of Claim 58, wherein forming each of the first and second well 



25 '\ bore patterns comprises: 

forming a plurality of main well bores extending outwardly from a respective 

surface well bore; and 

forming a plurality of lateral well bores extending outwardly from each of the 

plurality of main well bores. 

30 



WO 02/059455 



PCT/US02/G1325 



34 

61. The method of Claim 60, wherein forming the plurality of main well bores 
comprises forming the plurality of main well bores symmetrically disposed about the 
respective surface well bore. : , 

62. The method of Claim 60, wherem forming the lateral well bores comprises 
forming each of the lateral well bores having a length that decreases as a distance between 
the respective lateral well bore and a respective surface well bore increases. 

63. The method of Claim 58, wherein forming ^ 
bore patterns comprises: 

forming a plurality of main well bores extending outwardly from a respective 
surface wellbore; : r 

forming a first set of lateral well bores extending outwardly; from a first side of 
each of the plurality of main well bores; and 

forming a second set of iateral well bores extending outwardly from a second side 
of each of the main well bores. V 

64. The method of Claina 63, wherein fonning each of the first set of lateral 
well bores comprises forming each of the first set of lateral well bores opposite a 
corresponding one of the second set of lateral well bores; • - s 

65. A method for accessing a subterranean zone from the surface, comprising: 
forming a first well bore extending from the surface to the subterranean zone; 
forming a second well bore extending froin the surface to the subterranean zone, 

the second well bore intersecting the first well bore at a junction proximate the 
subterranean zone; 

forming a well bore pattern within the subterranean zone extending from the 
junction using a drill siring extending downwardly through the second well bore; 

supplying drilling fluid downwardly through the drill string to remove cuttings 
generated by the drill string; and 
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: minimizing down-bole pressure within the subterranean zone by pumping the 
drilling fluid and the cuttings to the surface through the first well bore. 

66. The method of Claim 65, wherein forming the second well bore comprises 
5 forming the second well bore offset from the first well bore at the surface. 

> 67. The method of Claim 65, wherein fomring the second well bore comprises 

'forming the second well bore extending from the first well bore at a location between the 
surface and the subterranean zone. 



10 



68. ThememodofClaim65,wheremforrnm 
forming a main well bore extending from the junction; arid 
: forming a plurality of lateral well bores extending outwardly from the main well 



bore. 



15 



69. The method of Claim 65, wherein forming the well bore pattern comprises: 
forming a main well bore extending from the junction; 

forming a first plurality of lateral well bores extending outwardly from the main 
Well bore; and 

20 \ forming a second plurality of lateral well bores extending from the first plurality of 
lateral well bores. 

70. The method of Claim 65, wherein forming the well bore pattern comprises: 
• forming a main well bore extending from the junction, and 

25 forming a plurality of lateral Well bores extending outwardly from the main well 

bore, a length of each of the lateral well bores decreasing as a distance from the respective 
lateral well bore and the junction increases. 

71. Te method of Claim 65, further comprising forming an enlarged cavity at 
30 the junction of the first and second well bores. 
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